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INTRODUCTION

A continuing study of upper atmospheric winds cover the lower
West Indies Liaz been made possible by the firing of high altitude
ballistic probes from & sixteon-inch gun located on the Island of ~
Barbados., These firings are being carried out hy the U, S. Army
Bellistic Research Laboratories, Aberdsen Proving Ground, Maryland,
under the airection of Dr, Charles H, Murphy, and by the Spaca Reusearch
Institute of MoGill University, Cenada, under the direction of Dr. G. V.
Bull,

Atmospheric winds ars studied by relsasing chemical irails from
the gun fired probes during the upper portion of their trajectories,
To date, the primary chesical vhich has been released is trimethyl
alominum (TMA), THMA produces a chemiluminoscont glow in regions of
the atmosphers above 85 kilometers, thus allowing the trails to be
photographed while being distorted by upper atiaosphere winds. The
photographs then can bs reducsd by Space Instruments Research, using
coeputer teshniques to provide wind informstion,

Although theo ‘data reduction given in this report is fundsd
directly by the U, S, Army, it is part of a joint U.SW.-Camdian HAF P=
Me(All program which is supported by the U, S. Army and the Canadisn
Department ‘ot Defense Produstion.

Tho purpose of this report is to summarite results of these
studies for the period from September 20 through 23, 1965, Previous
results are covered in Technical Report No. 1 issued Novembsr 1965,
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DATA ACQUISITION

The chemlcael trails sre formed almost vertically over the
1gdand of Barbados (longitude 59.4°W, lstitude 13.0°N) and extend
from an altitude of 85 ldlometers through apogee. In some firings, TMA
is also relessed on the down leg of the trajectory. To the unaided eye,
the chemiocal release first appears as a straight white trail resesbling
& job contrail, Within a minute or so, the trail is distorted into
strange shapes by the upper atmospheric winds and fades from view
within approximately fifteen ndnutes after initial release,

Space Instruments Research has established sight photographic
trisngwlation stations on the islands of Barbados, St, Vincnet, Grenada,
and Tobage, with two sitss per island., Thess islands are located to the
west and south of Barbados at distances of 190 to 290 kilonetors.,ﬁWhile
only one site on eash of two iaslands is required for data raduction
purposes, ths eight sites have been found nsuessary besause of cloud
conditions in the area,

Equiyment at each sitf, built by SIR, consists of a camoraz unit
containing two seven<inch focal length cameras mounted on & conorete
padestal, and an electronic control, Camerss sre automatically pulsed
to taks exposures of 3, 6, and 12 seconds duration every thirty seconds,

Since commorcial power 1s eigher unreliable or unavailable at
most site locetions, SIR has developed a battery opersted 1ll5-volt
power supply for the control equipment. The power supply is tuning-fork
controlled and provides 60 cycle power with an accuracy of 0,005% for the
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cemora programser so that pictures can be taken simultaneously at each
site, A dsta chamber mounted on each cimera unit records time, shot
nuabsr, and site information in the corner of each frame of film,

A short wave radio net connecting all sites ard the launch
control center has basen installed by SIR to enable the launch control
officer on Barbados to be informed of weather conditions on the islands
and to synchronize picture-taking operations with the firing of the gun,.
Most sites are oparated by local personnel who have been trained by SIR.

During & typical night's operation, the gun is fired at ons to
twoehowr intervals, from sunset to sunrise. Photographs are taken by
all cites during the time that the trail is visible, The filx is
returned to Atlanta for processing and datas reduction.
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DATA REDUCTIOM

Several computer progrsss have been developed which make it
possible to caloulate upper atmosphere winds from measursments made
directly on the photographs of the luminous trails,

Since the method used is basically three.dimensional triangulation
using spheriocal trigonomstry, it is necessary to know precisely the
direction each camera was pointed during a given firing, The direstion
is determined by first taking accurate measurements of the locations
os several star images on the film, and then computing the azimuth and
elevation of the optical axis of the camera by means of a computer
program., This computer program makes use of the celestial coordinates
of some 6,000 stars which have been stored on magnetic tape.

Wind speeds and directions are then determined frnm the location
of the trail in space at a succession of known times, The location is
found, using either a point location program or a trail location program,
of both, and depends on the nature of the chemical releass,

Point location method. If the chemical release axhibits disorete
points (resulting either from turbulence or from the nature of the
releass mechanism) and these points can be identified on films from two
or more islands, the point location program can be used to calculate
the position of each point in longitude, latitude, and altitude above
saa level,

These calouwlations are made from date taken at succassive times,

A wind program 1s then used to caloulate both vertical and horizontal
winds from the motion of these points as a function of time,
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Trail locetion method., Most of the chemical releases produce

a smoqth trail having few, if any, identifiable points. In such cases,
film coordinates of a large number of incremental points along the

film image of the trail are fed into the computer from data from two

or more islands, The trail location program attempts to triangulate
each point from one site with many points from another site, finally
choosing points from both sites whose optical paths from camera into
space form the closest spatial intersection, After doing many hundreds
of such calculations, the computer is able to construct coordinates

for a mathematical curve in the shape of the trail in space, Then, as
with the point locatiorn program, winds can be determined from the motion
of the curve with time, Here, however, it must be assumed that vertical
winds are essentially zero. This assumption is borne out by previous
studies which have shown vertical winds in this altitude region to be

of the order of a few meters per second compared to horizontal winds
ranging up to 150 meters per second.

Corrections for varlables, such as atmospheric refraction rotation
of camera about optical axis, and camera foocal length, are incorporated
into the programs to maintain high accuracy. Focal length and camera
rotution are in fact calculated from measurements of the positicns of

star images on the films,
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INTFRPRETATION OF DATA

In the remainder of this report, horisontal wiid velocities are

=

presented in tabular form and in plots of wind velocity, heading, com-

ponents, and shear,

Winds wers calculated at altitude intervals of one kilometer,

—

Points on the various plots show the actusl computed result, as listed
in the teble preceding the plot. A ourve has been fitied tc each set

vl

of points to aid in detecting wind patterns and to indicate relisbility
of the plotted results, Each ocurve has been drawn with a knowledge of

intermediate results leading to the wind calculations and of the con-

&l""-““.

sistency of the winds as calculated between each of the five or six time

intervals used, In cases where point-to-point curve fitting was not

S

thought to refiect actual variations in wind velocity, heading, components,

1

or shear, a more appropriate smooth curve has been drawn., Otherwise, the

curves are fitted cirectly to the data points, Results of certain portions

{ .

of the trails are at times less acourate than others due to the spacial
orientation of those trail segments relative to the available photographic

stations, Less accurate data also can result from photographs obsoured

by haze and clouds and from trails of short duration.

- e
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Wind velocity plot. This plot shows the veloocity of the wind

vector in meters per socond as a funotion of height in kilomsters above

PR R DI S "

- sea level,

~ Wind heading plot. The wind vector is considered to point in the

direction toward which the wind is moving, The heading plot shows the
DIRECTION OF THIS VECTOR IN DEGREES CLOCKWISE FROM NORTH AS SEEN FROM
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diresction of this veotor in degrees oclockwise from north as seen from
above, Thus a wind heading toward the east would be ninety degrees,
Wind ccmponents plot. While plots of wind heading and velocity

do completely desoribe the wind vactor, it has been found helpful in
studying wind patterns to present the north-scuth and east-west velocity
components of the vector., In the north.south plot, north is positive;
south is negative, In the east.west plot, east is positive, west negative,
Components are plotted in meters per second versus height in kilomseters,

Wind shear plot. Of considerable interest in upper atmospheric

wind studies is the wind shear, or rate of change of velocity with
altitude, Shear is plotted in component form showing north.south and
sast.west shears in meters per second per kilometer versus height in
kilometers, The shear components are not listed in tabular form as they
are cszloulated from the curves fitted to the plots of wind velocity
components rather than from the points themsslves, This approach was

fowd necessary to provide realistic values of wind shear.
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SYNOPSIS OF RESULTS

The following cosments may be helpful in interpreting the data
contained in thia report. Only those shots with unusual characterise
tics ars discussed,

Belair. A trail was formed on both the up and down legs of the
trajectory which permits two independent studies of the wind profile,

Differences in wind profiles for the up and down trails are
shown at some altitv?as, These differences have been carsfully checked,
and it has been found in many cases that the possible errors in veloci.
ties are lass than the differences in velocity between the up and down
trails, Hence, the observed variations are assumed to be primarily
dus to a change in wind velocity during either the time interval or tho
spatial separation of the up and down trails, Further study is being
planned on the spatial and time variations, On shot Belsir, as well
as some other shots, plots have been broken into two parts by altitude
(with some overlap) due to the long length of the trail,

Magnolia. Original film data for this shot was poor due to
weather conditions, One section of trail between 103 and 107 km
executed some rather intricate maneuvers which were viewed end-on by
one of the two photographic sites, and it was not possible to determine
the winds in this region,

Nanticoke, This shot also had poor photographic data due to
weather, Results were not as accurate as for most shots, and a smooth
curve was fitted to the data points., While data poirts at 124 km and 125 km
were not obtained, the dotted curves are thought to spproximate winds in

this region,
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Trail

No.
19
20
21

22

23
24

25
26

28
29

TABLE OF TRAIL INFORMATION

Name
Belair
Conowingo
Edgewood

Fountain
Green

Galens

Havre de
Grace

Iinthicun
Magnolia

Nanticoke

Olney

Perryman

Date
20 Sept.
20 Sept.,

21 Sept,

21 S‘pto
21 Sﬂpto

21 Sept.
22 Sept,
23 Sept.
23 Sept.
23 Sept.,

23 Sept.

1965
1965
1965

1965
1965

1965
1965
1965
1965
1965
1965

-10-

Time SAST!

19:30:00
20:52:00

00:24:00

02:21.:00
03:35:00

05:00:00
19:24:00
01:50:00
03:15:00
0L4:07:00
05:05:00

Altitudes (Km)

108-132
88-136
90-123

88-128
91-138

90-123
91-127
94126
98-133
88-126
98-124
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TABULATIONS AND PLOTS

Eleven Trail Releases ~ Ssptember 20-23, 1965
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SHOT BELAIR

UP TRAIL

ALTITUDE

(KM)
108.,0
109.0
110.0
111.0
112.9
113.0
11440
116.0
117.0
11840
119.0
12060
12140
122.0
12340
12440
12540
12640
12740
128.0
129.0
13040
131.0
13240

WIND
HEADING
{DEG)
337.7
33745
335.6
33346
3348
33247
325.7
25246
20643
19844
194.8
192.8
189.3
137.4
18546
183.8
184.9
18546
186.3
18645
186.8
18646
18404
185.4

20 SEPTEMBER 1965

WIND
VELOCITY
(M/S)
790
96v4
103,56
1075
107+3
944
69«1
3440
6249
7160
819
86,3
8446
8448
10144
11849
129.9
13442
134.0
135.0
135.8
134.9
138.4
1375

19-30-00 AST

WIND COMPONENTS

N-S
7361
89.1
9443
9643
571
83.8
5741
~1042
“5604
=673
-7942
"8401
’8305
~84.1
‘10009
-11846
=129.5
-13346
-133.2
‘13“01
~134.8
~134.0
~138.0
“13608

{M/S)

i

E-W
-30.1
-3648
-4208
-4748
-4547
~4343
‘38.9
~32e4
-27.8
=224
~209
-19.1
‘13.6
-10.9

-9.9

~T49
-1lel
~1340
-1446
‘15.3
‘1600
‘15.“
‘1006
<1340
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SHOT BELAIR
DOWN TRAIL
WIND
ALTITUDE HEADING

(KH) (DEG)
90.0 6’0
9169 4949
92.0 825
93,0 9440
9400 100.3
9540 9243
9640 8609
970 770
98.0 80+2
990 B804
100,0 80c4
101.0 8l.1
102.0 88e1
103.0 98.0
104,0 106.0
105.0 107.9
10640 91
1070 234
108,0 53
109.0 3527
110.0 345.3
111.0 33946
1120 32448
113.0 328.1
11440 310.0
11540 32240
116.0 212.8
117.0 184.7
118.0 189.7
119.0 19147
12040 18946
121.0 186.8
12240 185.0
123.0 18560
* 12440 18544
125.0 189.6
12640 19145
127.0 194,1
128.0 195.7
1290 19846
130.0 1945
131.0 196.2

20 SEPTEMBER 1965

WIND

VELOCITY

(M/S)
2643
32.7
5066
679
7261
8943

11546

1195

115.3

109+2

10448
83.1
552
440 %
423
420
33.0
278
5165
729
903

112.0

112.8

1035
61.0
5066
2049
555
787
92.9

1081

1173

123.7

1304

132.3

133.7

133.0

131.2

129.5

127.7

12648

12049

19-30-00 AST

WIND COMPONENTS

N-S
2642
21.1
66
~447
-1249
~346
642
27.0
19.6
18.1
1745
12.9
1,9
-602
-11.7
-1209
‘20“
2546
513
72.3
87.3
10540
9243
87.8
39.2
3949
‘17.6
~5543
=776
-9009
-10646
~116¢5
-123.3
-129.9
‘13107
-131.8
‘13003
“12702
-12406
-121.1
-12207
=116.1

{M/5)

E~W
248
2560
502
6767
7049
8962
11544
11645
11346
10746
103.4
82.1
5542
4349
4067
4040
3249
11.0
4e8
-9¢3
-2249
-39.0
=650
<5447
‘“603
~31.2
~1143
~heb
-13.2
~18.8
-1840
=140
~10.8
“1104
’12.“
“22.3
-26e5
-31.9
‘3501
-4046
~31.8
=-33.7
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SHOT CONOWINGO 20 SEPTEMBER 1965 20-52-00 A5~
WIND WIND WIND COMPONENTS
ALTITUDE HEADING VELGCITY {M/5S)
{KM) {DEG) {M/S) N-S E-W
8840 30462 227 12,7 ~18.8
8960 96 13.5 13.3 263
90,0 4648 1546 10.7 1le4
91.0 87.8 275 1.0 274
92.0 109.3 440 -14.5 G4le3
93,0 116,0 4940 -2l el 4440
94,0 113.9 5067 =206 46 .2
9540 96.9 537 ~6e5 9346
9660 82.8 66.0 843 655
970 84.0 7348 Te7 73.4
9840 82.9 8245 102 819
99.0 799 902 15.8 88,8
10060 779 90.2 19.0 8842
101.0 1667 91.2 21.0 8G.8
102.0 7546 825 2046 799
103.0 7543 6045 15.3 5845
104.,0 133,2 601 -41.2 43.8
105.0 14309 6404 ’5200 3709
10640 139.8 4066 -31.0 262
107.0 le6 257 2507 0.7
10840 34301 8343 797 =242
109.0 33844 9641 8943 -35.4
110.0 32846 10401 8848 ~54 473
11140 32345 102.1 82,1 -6047
112.0 30349 T4e5 4145 -61.8
113.0 25447 640 -16.9 ~61.8
11400 23345 7062 ~4147 ~-5644
11500 21‘008 9003 "‘71001 “5105
116.0 206.9 9907 '8809 “4500
117.0 203.0 1062 =977 ~-41.5
118.0 200.7 10747 -100.8 ~38.1
119.0 195.9 10544 =101.4 -28.8
12060 194,46 10846 ~105.1 =275
12140 1951 109.5 ~105.7 -2845
122.0 194.9 108.8 -105.1 -28.0
123.0 19567 10549 ~101.9 ~2847
12440 196.6 101.8 =975 -29.1
12540 19844 9846 ~93.5 -31.1
12640 199.9 9442 ~8845 ~32.1
127.0 20106 8904 "83.2 "'32!9
128,0 202.9 8442 =776 -32.7
12900 20300 7707 ‘71a5 “30016
130.0 205.2 7065 ~63.8 -30.1
131.0 20440 620 =566 -2502
132,0 208.8 5243 ~4548 -2542
13340 2115 G444 ~37.8 -23e2
134.0 22147 38.8 -29.0 ~2548
13540 2295 37.8 ~2445 ~2847
136.0 25249 307 -9.0 -29.3
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